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54. Tittle of the Invention Polycarbonate and manufacturing method thereof 
(57) [Abstract) 

[Problem] The objective is to provide polycarbonate and its manufacturing method that 
excels in optical characteristics. 

[Solution] Polycarbonate comprising repeative units represented by below mentioned 
formula (I) having reducing viscosity of 0.2dl/g at 20°C in methylene chloride solution of 
concentration 0.5 g/dl. 



[Claim 1 ] Polycarbonate comprising repeative units represented by below mentioned 
formula (I), 
[Formula 1] 




(2) 



[Rl : Alkyl group etc., X: Alkylene group etc.] 
Claim(s) 



BEST AVAILABLE COP^ 



I. 




[wherein, R, to R4 independently represents hydrogen atom, alkyl group having 1 to 20 
carbon atoms, alkoxy group having 1 to 20 carbon atoms, cycloalkyl group having 6 to 20 
carbon atoms, aryl group having 6 to 20 carbon atoms, cycloalkoxy group having 6 to 20 
carbon atoms, and aryloxy group having 6 to 20 carbon atoms. X may be alkylene group 
having 2 to 10 carbon atoms, arylene group having 6 to 20 carbon atoms, aralkylene 
having 7 to 12 carbon atoms], having reducing viscosity (D sp /C) of 0.2dl/g at 20°C in 
methylene chloride solution of concentration 0.5 g/dl. 
[Claim 2] 

The main compound represented by general formula (II) 
[Formula II] 



[wherein, to R, independently represents hydrogen atom, alkyl group having 1 to 20 
carbon atoms, alkoxy group having 1 to 20 carbon atoms, cycloalkyl group having 6 to 20 
carbon atoms, aryl group having 6 to 20 carbon atoms, cycloalkoxy group having 6 to 20 
carbon atoms, and aryloxy group having 6 to 20 carbon atoms. X may be alkylene group 
having 2 to 10 carbon atoms, arylene group having 6 to 20 carbon atoms, aralkylene 
having 7 to 12 carbon atoms], is made to react with carbonic ester compound in the 
presence of polymerization catalyst. After the completion of polymerization, end capping 
agent and catalyst neutralizer is added. 



The preparation method mentioned in claim 2, wherein carbonic ester compound is 
diaryl carbonate series. 



The preparation method mentioned in claim 2 wherein polymerization catalyst is (i) nitro 




[Claim 3] 



[Claim 4] 
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group compound, and (ii) alkali metal or/and alkali earth metal compound. 
(Claim 5] 

The preparation method mentioned in claim 2, wherein polymerization catalyst is a metal 
compound of any one kind selected from the group of Zn, Ge, and Sn. 
[Claim 6] 

The preparation method mentioned in claim 3, wherein end-capping agent is diaryl 
carbonate or aryl ester. 
[Claim 7] 

The preparation method mentioned in claim 2, wherein polymerization catalyst is (i) nitro 
group compound,(ii) alkali metal or/and alkali earth metal compound, and (iii)a metal 
compound of any one kind selected from the group of Zn, Ge, and Sn. 
[Claim 8] 

The preparation method mentioned in claim 3, wherein catalyst neutralizer is 
phosphonium sulfonate or/and ammonium salt. 
[Claim 9] 

An optical material is comprised of polycarbonate mentioned in claim 1 . 
[Detailed description of the Invention] 
[0001 ] 

[Technical field related to the Invention] The invention relates to polycarbonate, 
specifically it relates to new polycarbonate and its manufacturing method having 
outstanding optical characteristics as compared to past. 
[0002] 

[Prior Art] The conventional polycarbonate resin was prepared by reacting 
2,2-bis(4-hydroxyphenyl)propane ( bisphenol A) and phosgene or carbonate 
estercompound, such as diphenyl carbonate. When the molding object was obtained by 
injection molding, it had a problem of large stress optical distortion and because of that 
double refraction became large. 

[0003] In order to reduce double refraction, the process of copolymerizing bivalent phenyl 
series having substituent group with high polarity in side chain was considered. For 
example, in kokai no. JP07-1 09342, the process of copolymerizing bisphenol series having 
fluorene structure in side chain is mentioned. However, the substance related to 
outstanding optical characteristics has considerably high viscosity during melting, and 
thus it is very difficult to manufacture information recording medium, e.g., optical disc. 
Moreover, this compound shows inflammation as compared to bisphenol A adhered to 
the surface, and hence handling is the problem. Therefore, it was required to found a 
manufacturing method of polycarbonate that have outstanding optical characteristics, low 
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melt viscosity of polymer, and easy handling. Because of this, outstanding optical 
characteristics were required, polymer with low melt viscosity, and polycarbonate that 
can be handled easily was demanded. 



On the other hand, when polycarbonate resin is obtained by transesterification reaction, it 
is difficult to obtain the polycarbonate with good hue as reaction products are heated for a 
longer time. If obtained resin is remelted at high temperature for molding, the problem of 
retention or low polymerization rate arises, and in order to solve the problem a technology 
was required. 
[0005] 

[Problem to be solved by the Invention] 

The invention uses the compound that does not react while adhesion and is easy to 
handle. The objective is to provide a polycarbonate with outstanding optical 
characteristics and melt viscosity, and its preparation method thereof. Specifically, it is 
characterized by copolymerizing specific bivalent alcohol having fiuorene structure in side 
chain. Polycarbonate provided by the invention is ideal to use for optical material, e.g., 
optical disc substrate. 

[0006] 

[Steps to solve the problem] The inventor made a diligent research and found that the 
coplymerization of bivalent alcohol series can solve the above-mentioned problem. In 
other words, polycarbonate comprising repeative units represented by below mentioned 
formula (I), 
[0007] 
[Formula 3] 



[Wherein, R } to Ft, independently represents hydrogen atom, alkyl group having 1 to 20 
carbon atoms, alkoxy group having 1 to 20 carbon atoms, cycloalkyl group having 6 to 20 
carbon atoms, aryl group having 6 to 20 carbon atoms, cycloalkoxy group having 6 to 20 
carbon atoms, and aryloxy group having 6 to 20 carbon atoms. X may be alkylene group 
having 2 to 10 carbon atoms, arylene group having 6 to 20 carbon atoms, aralkylene 



[0004] 




(I) 



[0008] 
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having 7 to 12 carbon atoms], having reducing viscosity (D sp /C) of 0.2dl/g at 20°C in 
methylene chloride solution of concentration 0.5 g/dl. The main compound represented 
by general formula (II) 
[0009] 
[Formula 4] 




(n) 



[0010] 

[wherein, the symbols are same as formula (I).], is made to react with carbonic ester 
compound in the presence of polymerization catalyst. After the completion of 
polymerization, end capping agent and catalyst neutralizer is added. 
[0011] 

The examples for formulas (I), and (II) are given as follows. The examples for alkyl group 
R, to II, are methyl, normal or isopropyl group, tertiary butyl group, tertiary amyl group, 
hexyl, octyl, nonyl, dodecyl, pentadecyl, □□□□□□,etc. But, in order to obtain polymers 
with high heat resistance and high reactivity during manufacturing, alkyl group with 1 to 4 
carbon atoms are preferred, more preferably isopropyl group or tertiary butyl group. 
[0012] 

As alkoxy group, methoxy, ethoxy, pentyloxy, hexyloxy, etc. are mentioned. In this case 
also, alkyl group with 1 to 4 carbon atoms are preferred, specifically methoxy because of 
the same reason as mentioned above. 

[0013] 

As cycloalkyl group, the substituent group cyclohexyl or cyclooctyl group is mentioned. In 
case of alkoxy group, cyclohexyl group is preferred because of the same reason. 
[0014] 

As cycloalkoxy group, cyclohexyloxy group is mentioned. 
[0015] 

Phenyl, methylphenyl, ethylphenyl, tertiary butylphenyl, etc. are the examples of aryl 
group. But phenyl group is preferred from the viewpoint of high flowability and high 
reactivity during manufacturing of the obtained polymer. 
[0016] 

As aryloxy group, phenoxy or napthyloxy group is mentioned. 
[0017] 
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The examples of X alkylene group having 2 to 10 carbon atoms are ethylene, propylene, 
hexylene, etc.. As arylene group with 6 to 12 carbon atoms, phenylene, napthylene, etc. 
are given. As aralkylene group with 7 to 12 carbon atoms, benzylene, xylene, etc. are 
given. 



The reducing viscosity (0 sp /C) of polycarbonate is 0.2dl/g at 20°C in methylene chloride 
solution of concentration 0.5 g/dl, preferably 0.2 to 1 .0 dl/g. 



The repeative unit represented by formula (I) can be of atleast one kind. The invention is 
characterized by comprising repeative unit represented by formula (I), and contains other 
repeative unit of atleast one kind less than 1 0 mole%, preferably less than 5 mole%. For 
example, the repeative unit is obtained by copolymerizing aliphatic or aromatic diol series 
or dicarboxyliuc acid and their ester series. 



polycarbonate is obtained by reacting compound represented by formula (II) and ester 
carbonate compound. The examples of compound represented by formula (II) are given 
below. 



[0018) 



[0019] 



[0020] 



[0021] 
[Formula 5] 






H 3 C, ,CH 3 



H 3 C ,CH 3 



[0022] 
[Formula 6] 
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HOH 2 C^-H 2 C-0--(\ 




[0023] 

The polycarbonate of the invention can be manufactured by reacting bivalent alcohol 
represented by formula (II) and carbonate ester compound. The compound reacted with 
bivalent alcohol and carbonate ester compound is copolymerized by less than 10 mole% 
as other component. For example, aliphatic or aromatic diol series or dicarboxylic acid. 
The compound other than compound represented by formula (II) are given below. 
[0024] 
[formula 7] 



HOHjJCHf-CH C CH^-CHgOH 



OH 



(H 3 C)2HC v _ jCHtCHJa HjC-CH _ CHCH Z 
HO 



[0025] 
[Formula 8] 



7 




OH 




0 TX c 0 




H »°-, v - f . H 

H 3 C ^ 




HjC I J CH 



1 



CHaHsC 

# ji . « « 

[0026] 
[Formula 9] 

6 

00 99 00 

X-O-C-CA— C-O-X X-O-C-C^g— C-O-X X-0-C-CtoH l8 -C-0-X 

(-»- -o -p -p -p) 

F CI HaCOOC 

[0027] 

The kinds of carbonate ester compound used in the invention can be selected in 
accordance with the polymerization method of polycarbonate, e.g., in case of 
polycarbonate prepared by transesterification reaction, diaryl carbonate, such as diphenyl 
carbonate, di-p-tolylcarbonate, phenyl-p-tolylcarbonate, di-p-chlorophenylcarbonate, or 
dinapthyl carbonate, etc. can be used. 
[0028] 

Furthermore, in interface polymerization, the halogenated compound of carbonate, such 
as phosgene, bromo phosgene can be used. Amongst these, it is preferred to use diphenyl 
carbonate in transesterification reaction. 
[0029] 

Transesterification reaction preparation method using diphenyl carbonate is preferred 
from the viewpoint of cost and simple process. Even if the transesterification process has 
the problem of hue or heat stability, it can be solved by combining with polymerization 
catalyst, end capping agent and neutralizer. 
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[0030] 

As polymerization catalyst, catalyst combined with (i) nitro group compound, and (ii) 
alkali metal or/and alkali earth metal compound, (iii) a metal compound of any one kind 
selected from the group of Zn, Ge, and Sn can also be used from the viewpoint of hue or 
heat stability and polymerization rate. Furthermore, a catalyst comprising (i) nitro group 
compound, (ii) alkali metal or/and alkali earth metal compound, and (iii) a metal 
compound of any one kind selected from the group of Zn, Ge, and Sn can be used. 
[0031] 

Tetramethyl ammonium hydroxide, tetraethyl ammonium hydroxide, tetrabutyl 
ammonium hydroxide, trimethylpentyl ammonium hydroxide, trimethyl amine, 
triethylamine, dimethyl pentylamine, triphenyl amine, etc. are the examples of nitro group 
compound. 
[0032] 

Sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium hydrogen carbonate, 
potassium hydrogen carbonate, sodium carbonate, potassium carbonate, lithium 
carbonate, sodium acetate, potassium acetate, lithium acetate, sodium stearate, 
potassium stearate, lithium stearate, sodium, potassium, and lithium salts of bisphenol A, 
sodium benzoate, potassium benzoate, lithium benzoate, etc. are the examples of alkali 
metal compound. 
[0033] 

The examples of alkali earth metal compound are calcium hydroxide, barium hydroxide, 
magnesium hydroxide, strontium hydroxide, calcium hydrogen carbonate, barium 
hydrogen carbonate, magnesium hydrogen carbonate, strontium hydrogen carbonate, 
calcium carbonate, barium carbonate, magnesium carbonate, strontium carbonate, 
calcium acetate, barium acetate, magnesium acetate, strontium acetate, calcium stearate, 
barium stearate,, magnesium stearate, , strontium stearate, , etc.. 
[0034] 

The amount of polymerization catalyst used in the invention is 1 X 10 7 to 1 X 10 -4 , 
preferably 1 X 10 6 to 5 X 10' 5 per 1 mole of entire dihydroxy compound in case of alkali 
metal and alkali earth metal compound. In case of nitro group compound, 1 X 10* 5 to 1 X 
10' 3 , preferably 1 X 10' 5 to 5 X lO^per 1 mole of entire dihydroxy compound. 
[0035] 

As zinc compound, Zn(OC(=0)CH 3 ) 2 , ZnO, etc. are given. The examples of geranium 
compound are GeO, Ge (0-n-C 4 H 9 ) 2 , etcAs tin compound, (n- C 4 H 9 ) 2 SnO, SnO, etc. are 
listed. 
[0036] 
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In case of metal compound selected from the group of metals Zn, Ge, and Sn,l X 10 s to 5 

X 10 3 , preferably 1 X 10" 5 to 1 X 10' 3 per 1 mole of entire dihydroxy compound. 

[0037] 

In the preparation method of polycarbonate, in order to improve hue and heat stability, it 
is preferred to use end capping agent to end cap the hydroxide group of polymer after 
polymerization. 
[0038] 

As end capping agent, any well known end capping agent can be used. But, in order to 
improve hue or reactivity, specifically diaryl carbonate series or aryl ester series can be 
used. 
[0039] 

Diphenyl carbonate or dinapthyl carbonate, methylphenyl phenylcarbonate, ethylphenyl 
phenylcarbonate, octylphenyl phenylcarbonate, dicumyl carbonate, ditolyl carbonate, 
other carbonate series with alkyl group, or diaryl carbonate series with electronegativity 
are given as the examples of diaryl carbonate. 
10040] 

As arylester series, aryl ester derived from aromatic carboxylic acid with 7 to 20 carbon 
atoms and phenyl series, aryl ester derived from aliphatic carboxylic acid with 1 to 20 
carbon atoms and phenol series. Amongst the above mentioned ester series, aryl ester 
with active electronegative group in phenolic aromatic environment is preferred. 
[0041 ] Here the active diaryl carbonate and aryl ester are bonded with electronegative 
group in an aromatic environment, and because of this, diaryl carbonate and aryl ester 
has increased electrophilicity of carbonyl bond or ester part. 

[0042] During this time, electronegative group can be 1 or 2. In case of atleast 2 groups, all 
can be same or different. Further, in case of diaryl carbonate series, one of the 
electronegative group can be aryl group, or both. 

[0043] Halogen atom, haloalkyl group, alkoxy carbonyl group, nitro group, cyano group, 

substituted phenyl group are the examples of electronegative group. 

[0044] 

The subtituent group is attached at ortho position with respect to carbonate or ester bond. 
But, it is preferred to be attached at meta or para position because of high reactivity. The 
following compounds are given as the examples. 
[0045] 

[Formula 10] 
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o-p o-^p o-p 

Q^hD Q&O 

F F CI O CF 3 F,C 

0--Q 

ClfC o 2 N NC 

Q-<&-P Q-&-Q Q-&-Q 

CCfe CbC N0 2 OjN CN NC 

Q-&-Q O-^-Q 0---Q 



H 3 OOOC 



CaH s OOC 



C^HaOOC 



[0046] 



CCOCH, 



COOCsHs 



COOC 4 Hg 



C54.-Q <3-=&-Q 



H s C0OC 



CaH»OQC 



C^OOC 




[Formula 11] 



Hs h^cooc 



h/jqoc 



H^XJOC 



[0047] 

[Formula 12] 
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Ok) O^Q O-k) 0-»0 

f a a s c FjC 

o-k> ok> o- 
ok> ok> o^o 

1 HjCOOC C^sOOC r ^ C f HgOOC 

[0048] 

[Formula 13] 

HaCOOC 013 HoCOOC 

H^-CO^} H^-OO^ HA-CO^T} H^-CO^O 
H 3 COOC HaCOOC HACOOC KsCOOC 

[0049] 

In the invention, the preferred end capping agents are diaryl carbonate series or arylester 
series, more preferably diaryl carbonate or arylester series with active electronegative 
group. An electronegative group is substituted at ortho position with respect to carbonate 
or ester bond. The most preferred are diaryl carbonate series or arylester series. 
[0050] 

The amount of end capping agent is 0.1 to 10 parts molar, preferably 0.3 to 5 parts molar, 
most preferred 0.5 to 2 parts molar with respect to end capping group of polymer after the 
completion of polymerization. 
[0051] 

The temperature while adding end-capping agent is based on the copolymer used, but, 
generally, it is 200 to 300°C, preferably 220 to 280°C. if the temperature is less than this 
range, it affects the reaction time, and if exceeds the above range, the polymer is 
disintegrated, and coloring occurs, hence undesirable. 
[0052] 

The pressure inside the reactor during the addition of end capping agent is usually less 
than 100 Torr, preferably less than 50 Torr, and most preferred less than 10 Torr. Generally, 
it is preferred in the range of 0.01 to 100 Torr. 
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[0053] 

The pressure inside the end capping reactor is usually less than 100 Torr, preferably less 
than 10 Torr, and most preferred less than 1 Torr. The reaction time is, generally, 1 to 60 
mins, preferably 1 to 40 mins. 
[0054] 

In the invention, it is desirable to use catalyst neutralizer after the completion of 
polymerization. The catalyst neutralizer neutralizes, deactivate the activity of 
polymerization catalyst partially or completely during the manufacturing of polycarbonate. 
[0055] 

As the process of addition of polymerization catalyst, e.g., it is desirable to be added in the 
molten form to the reaction product polycarbonate. After the peptization of 
polycarbonate, it can be remelted and can be added. According to the inventor, it can also 
be added to the molten polycarbonate reaction product inside the reactor or extruding 
machine after the polymerization. It can also be added to the polycarbonate obtained 
after the polymerization, which is passed through the reactor to extruding machine for 
palletizing, and further neutralizer can be kneaded together. 
[0056] 

As catalyst neutralizer, phosphonium sulfonate and /or ammonium sulfonate are preferred 
to use from the viewpoint of improving the physical properties, such as color or heat 
resistance of obtained polymer. Amongst these, tetrabutyl phophonium dodecylbenzene 
sulfonate or tetrabutyl ammonium paratoluene sulfonate are preferred. 
[0057] 

In the invention, the order of addition of end capping agent and catalyst neutralizer is such 
that the reaction is carried out for some fixed interval of time after the addition of end 
capping agent, and further catalyst neutralizer is added to it. 
[0058] 

In the above-mentioned process, a new copolymer is obtained, but when various molding 
objects are fabricated using it, it is required to use well known antioxidants, UV absorbent, 
mold release agent, etc.. 
[0059] 

[Embodiment(s)] 

The invention is explained with the help of embodiments and comparative examples. 
[0060] 

[Embodiment 1 ] 

439 parts by weight 2,2'-[9H-fiuorene-9-ylidienebis(4,l-phenyleneoxy)]-bis ethanol 
represented by below mentioned formula (ex-1) and 214 parts by weight diphenyl 
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carbonate and 4.0 X 1 0" 4 parts by weight teramethyl ammonium hydroxide is put in the 
reactor equipped with stirrer, dryer, and compressor, and was melted at 140°C after 
nitrogen exchange. After agitating for 30 mins, the internal temperature was increased to 
180°C and pressures was reduced to 100 mmHg, and produced phenol was filtered out 
after carrying the reaction for 30 mins. 
[0061] 

[Formula 14] 

HOH, CHv C-O-©^ y^-O-CH, CH t OH ™ (ci-l) 

<°A°> 

[0062] 

Subsequently, the temperature was raised to 200°C and pressure was reduced slowly. At 
50 mmHg, the reaction was carried out for 30 mins. and phenol was filtered out. 
Furthermore, the temperature was raised to 220°C/30mmHg, pressure was reduced, at the 
same temperature and pressure, and further temperature was raised to 240°C/10mmHg, 
pressure was reduced, and again temperature was raised to 260°C/lmmHg, pressure was 
reduced, and repeatedly reaction was carried out. In the end the reaction was carried out 
for 1 hr. after increasing the temperature to 260°C/1 mmHg. 
[0063] 

After that, nitrogen exchange was done inside the reactor, 0.3 parts by weight 
bis(2-methoxycarbonyl phenyl)carbonate was added as end capping agent, pressure was 
reduced after agitating for 5 mins., and finally it was agitated 30 mins. after increasing the 
temperature to 260°C/lmmHg. After that, nitrogen exchange was done inside the reactor, 
1 .2 x 10 2 parts by weight tetrabutyl phosphonium dodecylbenzenesulfonate was added as 
neutralizer and agitated. After carrying out the polymerization under above-mentioned 
conditions, the melt viscosity of reaction product was less, and reaction was carried out 
successfully. 
[0064] 

The obtained polycarbonate had reducing viscosity [D sp /C] of 0.55 dl/g in methylene 
chloride solution at 20°C. the glass transition temperature of above mentioned polymer 
was 145°C. Further, a film of thickness lOOQm of obtained polycarbonate was prepared, 
and optical elastic constant was found to be 32 x 10~ 13 cm 2 /dyne measured by optical 
elastic measuring apparatus (PA-150). Further, using molding piece, anti drying test (150°C, 
10 days) was carried out, and goods results were obtained without any color change. 
[0065] 

[Embodiment 2] 
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The process were carried out same as embodiment 1 using 523 parts by weight 

2,2 , -[9H-fluoreneDDDylidiene bis(4,l-phenyleneoxy)]-bisneopentylalcohol. 

[0066] 

[Formula 15] 



The obtained polymer had reducing viscosity [Q Sf /C] of 0.58 dl/g in methylene chloride 
solution at 20°C. The glass transition temperature of above-mentioned polymer was 140°C, 
and optical elastic constant was 30 x 10 13 cm 2 /dyne. 
[0068] 

[Embodiment 3] 

The operations were carried out same as embodiment 1 using 0.12 parts by weight 
(n-C 4 H 9 ) 2 SnO as polymerization catalyst. 



The obtained polycarbonate had reducing viscosity [D sp /C] of 0.55 dl/g in methylene 
chloride solution of concentration 0.5 g/dl at 20°C. The glass transition temperature of 
above-mentioned polymer was 144°C, and optical elastic constant was 34 x 10 13 
cm 2 /dyne. 
[0070] 

[Comparative example 1 ] 

The operations were carried out same as embodiment 1 using 228 parts by weight 
2,2-bis(4-hydroxyphenyl)propane. The obtained polycarbonate had reducing viscosity 
[□sp/C] of 0.55 dl/g, glass transition temperature was 143°C, optical elastic constant was 79 
x 10 13 cm 2 /dyne, and absorption rate was 0.29% 
[0071] 

[Comparative example 2] 

The operations were carried out same as embodiment 1 using 350 parts by weight 
9,9-bis(4-hydroxyphenyl)fluorine. The reaction was carried out in the same order, but in 
the middle of the reaction, the melt viscosity of reaction product became high, (atleast 
50,000 poise at 280°C) and was not agitated sufficiently to not to exceed the agitating 
power of the reactor, and hence reaction was not proceeded further. At that time, the 
reducing viscosity of reaction product was 0.1 1 dl/g, and polymer was not obtained. 




- (cx-2) 



[0067] 



[0069] 



[0092] 
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[Result of the Invention] 

The polycarbonate excels in heat resistance and mechanical strength, and has low optical 
elastic constant, outstanding hue or heat stability, and is ideal for optical medium, e.g., 
optical disc, as compared to conventional polycarbonate. 
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